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DIAGNOSIS OF GLUTEN SENSITIVE ENTEROPATHY AND OTHER AUTOIMMUNOPATHIES 



Technical Field 

The invention relates to the diagnosis of gluten sensitive enteropathy and other 
5 autoimmune diseases comprising the detection of antibodies against transglutaminases. 

Background Art 

Gluten sensitive enteropathy (GSE) is a common chronic small bowel disorder of 
autoimmune origin occurring both in children and adults. It is evoked and maintained by wheat gluten 

10 which is also present in other cereals. The clinical appearance of GSE is typically coeliac disease 
(CD). In some individuals, however, it is associated with dermatitis herpetiformis (DH), a bullous, 
autoimmune skin disease characterised by granular IgA staining of the papillary dermis. Both of these 
forms of GSE have the same genetic background and have been associated with HLA class II 
antigens DQ2, and DR3, and the HLA-A1 , -B8, -DR3 haplotype. In case of ingestion of gluten and the 

15 presence of genetic predisposition, a T-cell mediated autoimmune response develops in the small 
bowel first resulting in lymphocytic infiltration, later reduction followed by total atrophy of the villi 
leading to a disturbed resorption (Marsh M N et al., Bailliere Clin Gastr 1995.9:273-294). On a 
completely gluten-free diet, however, the pathological alterations entirely disappear and a normal 
morphology and function is restored. 

20 

The diagnosis of GSE is based on the characteristic histological changes (villous atrophy, 
intraepithelial lymphocytosis, crypt hyperplasia) seen in jejunal biopsies, followed by the regeneration 
of the mucosa after a gluten-free diet and relapse during subsequent gluten challenge. However, 
serological tests may be helpful in the diagnosis of GSE as they offer a less invasive and cheaper 

IS alternative. These detect IgA antibodies directed against endomysial antigen, reticulin, or gliadin. The 
IgA-class endomysial antibody (EMA) test is considered to be the serological method of choice, 
because of its higher sensitivity and specificity when compared to the IgA-class anti-reticulin antibody 
and the IgA-class anti-gliadin antibody tests. EMA is found in 60-70% of untreated patients with DH 
and in almost all untreated patients with CD. The EMA test is performed, however, on expensive 

*0 oesophagus sections from endangered primates, is laborious and time consuming, and subjective in 
borderline cases. 

Tissue transglutaminase (TGc, EC 2.3.2.13) was further identified as the predominant or sole 
endomysial autoantigen of CD (Dieterich W et al., Nature Medicine 1997, 3(7):797-801). An ELISA 
15 test for CD has been produced based upon the commercially available guinea pig TGc. Although the 
amino acid sequence identity between guinea pig and human TGc*s is 82.8%, this test gave high 
sensitivity and specificity above 90% (Ikura K et al., Biochemistry 1988;27:2898-905; Gentile V et al., J 
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Biol Chem 1991;266:478-83; Dieterich Wet at., Gastroenterology 1998;115:1317-21; Sulkanen S et 
al, Gastroenterology 1998;115:1322-8). 

Object of Invention 

It was an object of the invention to provide an improved assay for gluten sensitive 
enteropathies and in particular an antibody binding assay which allows a differential diagnosis of 
autoimmune diseases of the GSE-type, autoimmune diseases associated with GSE and seemingly 
non-active, latent gluten sensitive enteropathies. 

Brief Description of Invention 

This object has been achieved by providing a comparative protein binding assay based on 
recombinant human tissue transglutaminase and other transglutaminases for a differential diagnosis 
of gluten sensitive enteropathy (GSE), autoimmune diseases of the GSE-type, autoimmune diseases 
associated with GSE and a group of autoimmune diseases associated with IgA and IgG against trans- 
glutaminases. A preferred embodiment of the invention relates to a multiple protein binding assay 
comprising human tissue transglutaminase and other transglutaminases as binding partners. A more 
preferred embodiment of the invention relates to a protein binding assay comprising transgluta- 
minases isolated or cloned from different tissues and species. 

Another aspect of the invention relates to a method for diagnosis of autoimmune diseases of 
the GSE-type comprising a multiple protein binding assay on the basis of human TGc and other trans- 
glutaminases such as guinea pig TGc or other members of the transglutaminase protein family. 
Multiple or comparative protein binding assay means herewith that the diagnosis is done on basis of 
at least two, preferably three or more differing transglutaminase molecules as antigens. 

The invention and preferred modifications thereof are disclosed in claims 1 and 5. Preferred 
embodiments thereof are described in the dependent claims. 

The present invention provide a method for diagnosis of autoimmune diseases of the GSE- 
type or associated with gluten sensitive enteropathy comprising taking a sample and testing the 
sample for antibodies against tissue transglutaminase and at least one other transglutaminase. In a 
preferred embodiment the autoimmune disease is dermatitis herpetiformis, morbus Duhring, or an 
autoimmune disease selected from Addison's disease, Al ( Al - autoimmune) haemolytic anaemia, Al 
thrombocytopenic purpura, Al thyroid diseases, IDDM, alopecia, atrophic gastritis - pernicious 
anaemia, Crohn's disease, hypoadrenalism, hypogonadism, hyposplenism, cryoglobulinism, colitis 
ulcerosa, Goodpasture syndrome, gluten-induced ataxia, IgA nephropathy or IgA glomerulonephritis, 
myasthenia gravis, partial lipodystrophy, polymyositis, primary biliary cirrhosis, primary sclerosing 
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cholangitis, progressive systemic sclerosis, oral aphthosis, recurrent pericarditis, relapsing 
polychondritis, rheumatoid arthritis, rheumatism, sarcoidosis, sensory neuropathy, seizures, Sjogren's 
syndrome, SLE, splenic atrophy, type I (insulin-dependent) diabetes mellitus, diabetes mellitus of 
other types, transaminitis, Wegener granulomatosis, ulcerative colitis, vasculitis (both systemic and 
5 cutaneous), vitiligo. A further group of autoimmune diseases that can be diagnosed or distinguished in 
this way is associated with infertility, increased risk of abortion and/or reduced foetal growth. 

The invention also provides a comparative protein binding assay for a differential diagnosis of 
autoimmune diseases comprising the detection of antibodies against transglutaminase, which protein 

10 binding assay comprises recombinant human tissue transglutaminase as antigen. In a preferred 
embodiment, tine comparative protein binding assay comprises further a tissue-specific 
transglutaminase as antigen, preferably, a transglutaminase selected from FXIIIA, TGk, TGe, TGx, 
and so-called Band 4.2. The comparative protein binding assay may also contain any other 
transglutaminase as antigen, in particular, transglutaminase from different species. The skilled person 

15 will appreciate that a recombinant fusion protein or fragment thereof can also be used. The 
comparative protein binding assay is preferably an immunoassay selected from RIA, EIA/ELISA, LiA 
and FiA and most preferably a sandwich-immunoassay selected from IRMA, IEMA/EUA, ILMA 
(immunoluminescence assay) and IFMA (immunofluorescence assay). 

20 Astonishingly, it has been found that despite the high amino acid sequence identity between 

human and guinea pig TGc, some of the tested patient sera not recognised by the guinea pig TGc 
ELISA had antibodies directed against epitopes of human TGc not conserved in the guinea pig 
enzyme. Our studies support that TGc is the autoantigen of EMA positive patients also with DH. 
Moreover, we discovered that there is a class of autoimmune diseases wherein transglutaminases 

25 plays a decisive role in the aetiology of the disease, which autoimmune diseases can be distinguished 
via the unique epitope patterns of the various transglutaminases. 

The discovery of TGc as the main autoantigen in GSE did not answer the question why only a 
proportion of patients with CD also show symptoms of DH and if, whether there is a difference in the 

30 antigenic repertoire in these diseases. It was unknown whether the granular IgA precipitates in the 
skin of DH patients are directed against an antigen present in the skin or if they represent circulating 
immune complexes deposited, in the papillary dermis. The IgA precipitates have so far not been 
extracted from skin and characterised. However, immunostaining for TGc does not give the same 
staining pattern as can be seen by direct immunofluorescence studies for IgA precipitates in the skin 

35 of DH patients. This suggests that the antigen against which the deposited IgA antibodies are directed 
might be different from the TGc. We now assume that these antibodies derive from cross -reactivity 
with another transglutaminase being present in the papillary dermis. Such a limited cross-reactivity 
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could be a plausible explanation for the moderate penetrance of skin eruptions in patients with CD. It 
is also unclear why the pathological changes and clinical symptoms have a very limited localisation 
with only the small intestine and, in case of DH, the skin being affected, as TGc is present in almost 
every tissue of the human body. To address these questions, we expressed three other 
transglutaminases which can be found in the skin, the human TGk, TGe and TGx, in human 
embryonic kidney cells, to measure circulating IgA and IgG titres in patients with CD, DH and other 
autoimmune diseases. 

Brief Description of Drawings 

The invention will now be described in detail with reference to the accompanying drawings 
and representations. No limitation of the invention whatsoever shall be construed from the description 
of the representative examples. 

Fig. 1 SDS-PAGE (A) and immunoblot (B) analysis of TGc. The immunoblot was performed using 
monoclonal antibodies against TGc. Positions of molecular mass standards (kDa) are 
indicated on the left. Lane I, guinea pig TGc; lane II, lysate of cells producing recombinant 
human TGc before purification; lane III, flow through; lane IV, eluted TGc from the column. 

Fig. 2 Receiver operating characteristic curve (ROC) for the human TGc ELISA showing the point 
of greatest efficiency of the test, upon which the cut-off level was chosen. 

Fig. 3 Serum anti-TGc antibody concentrations in the human TGc ELISA system in the controls (I) 
and in the patients having CD or DH (II). Treated CD or DH patients are indicated by empty 
squares. The chosen arbitrary cut-off level for positivity (broken line) is drawn at the AU of 
18. 

Fig. 4 ROC curve for the guinea pig TGc ELISA showing the point of greatest efficiency of the 
test, upon which the cut-off level was chosen. 

Fig. 5 Serum anti-TGc antibody concentrations in the guinea pig TGc ELISA system in the 
controls (I) and in the patients having CD or DH (II). Treated CD or DH patients are 
indicated by empty squares. The chosen arbitrary cut-off level for positivity (broken line) is 
drawn at the AU of 14. 
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Fig. 6 Serum concentrations of IgA antibodies against TGc in the human TGc ELISA given in 
arbitrary units (AU). Treated CD or DH patients are indicated by empty squares. The 
chosen arbitrary cut-off for positivity (dashed line) is drawn at 18 AU. CD, coeliac disease; 
DH, dermatitis herpetiformis; CTRL, control sera; PV, pemphigus vulgaris; BP, bulbous 
5 pemphigoid; CR, Crohn disease; CU, colitis ulcerosa; GP, Goodpasture syndrome; WEG, 

Wegener granulamatosis; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; 
PSS, progressive systemic sclerosis; PA, psoriatic arthritis; HEPC, hepatitis C. 

Fig. 7 Box and whisker diagram showing the serum concentrations of IgA antibodies against 
10 human TGc. The lower and upper edges of the boxes represent the 25% and 75% 

percentiles, respectively. The median is indicated by a horizontal line through the box. The 
lower and upper whiskers represent the 5% and 95% percentiles, respectively. Only 
untreated patients are included in the CD and DH groups. For abbreviations see Fig. 6. 

15 Fig- 8 Correlation of antibody titres between the human and the guinea pig TGc ELISA On the 
x-axis are titres given in arbitrary units measured by the human TGc ELISA, on the y-axis 
are those measured by the guinea pig TGc ELISA. The cut-off values are presented by 
dashed lines. 

20 Fig. 9 SDS-PAGE analysis of TGe after purification. Positions of molecular mass standards (kDa) 
are indicated on the left 

Fig. 10 Immunoblot analysis of the human TGs using polyclonal rabbit antibodies against the Strep 
II tag. Positions of molecular mass standards (kDa) are indicated on the left. Lane I, TGc; 
25 lane II, TGe; lane III, TGk; lane IV, TGx. 

Fig. 11 Binding of IgA in GSE patient sera to human TGc or TGe in ELISA Sera reacting with the 
TGc showing values below 0.4 gave similar results with the TGe, but sera with elevated IgA 
antibody titres against TGc in the most cases showed lower antibody titres against TGe. 



30 



Fig. 12 Inhibition of binding of IgA in four GSE patient sera to solid phase human TGc by 
preincubation with increasing amounts of human TGc (dotted line) or TGe (continuous line). 
Both the TGc and the TGe showed an inhibitory effect, but the TGc was more effective than 
the TGe. 



35 
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Detailed Description of Invention 

The inventors expressed human TGc and other transglutaminases by recombinant DNA 
methods and set up various ELISAs based on the purified proteins for detecting IgA anti-TG 
antibodies. The results of these assays were compared to those from the ELISA with the guinea pig 
5 TGc and the EMA test on monkey oesophagus. 

Methods and Materials 
SDS-PAGE and Immunoblotting 

SDS-PAGE (Sodium dodecyl sulphate polyacrylamide gel electrophoresis) was performed 
10 according to the method of Laemmli (Laemmli, Nature 1970;227:680-5) using a 12% polyacrylamide 
separating gel with a 5% polyacrylamide stacking gel. Samples were reduced by addition of 2% (v/v) 
2-mercaptoethanoL Proteins were detected either by staining with Coomassie Brilliant Blue R (Serva) 
or by immunoblotting after electrophoretic transfer to a nitro-cellulose membrane (Protran , 
Schleicher & Schuell) according to the method of Towbin and co-workers (Towbin H et al, Proc Natl 
15 Acad Sci USA, 1979;76:4350-4). After protein transfer, the membranes were stained with Ponceau S 
(Serva), then blocked with 50 mM Tris, 150 mM NaCI, pH 7.4 (TBS) containing 5% non-fat milk 
powder for 75 min. at room temperature. The blocked membrane was then incubated with the specific 
antibody. 

Human TGc was detected with mouse monoclonal antibodies against TGc (specific for TGc, 
20 but cross-reacting both with human and guinea pig TGc, Neomarkers, Ab-3, CUB7402 + TG100) 
diluted 1:2000 in TBS containing 5% non-fat milk powder and 0.05% Tween™ 20 (Sigma) for 1.5 
hours at room temperature. For detection of bound mouse antibodies, membranes were incubated 
with horse radish peroxidase labelled rabbit antibodies directed against mouse immunoglobulins 
(Dako), diluted 1:2000 in TBS/Tween containing 5% non-fat milk powder for 1 hour at room 
25 temperature. Bound secondary antibodies were detected by autoradiography using the enhanced 
chemiluminescence system (ECL Kit, Amersham). Guinea pig TGc (Sigma) was used each time as a 
positive control. 

Recombinants expressed TGs were detected by using rabbit polyclonal antibodies against 
the Strep II tag (Institut for Bioanalytik) diluted 1:5000 in TBS containing 1% non-fat milk powder and 

30 0.05% Tween 20 (Sigma) for 1 h at room temperature. For detection of bound rabbit antibodies, 
membranes were incubated with horseradish-peroxidase-labelled swine antibodies against rabbit 
immunoglobulins (Dako), diluted 1:3000 in TBS/Tween containing 1% non-fat milk powder for 1 hour 
at room temperature. Bound secondary antibodies were detected by luminescence after incubation 5 
min in 100 mM Tris/HC1, pH 8.3, containing 0.2 mM p-coumaric acid (Sigma), 2.65 mM H202 

35 (Sigma) and 1.25 mM 3-aminophtalhydrazide (Fluka). Human TGc expressed as a fusion protein with 
a C-terminal Strep II tag was used as a positive control. 
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Reverse transcription and polymerase chain reaction. 

Reverse transcription was performed using AMV reverse transcriptase (Oncor Appligene) 
and PCR using Pfx Taq polymerase (Life Technologies) following the protocols provided by the 
manufacturers. 

5 

Recombinant expression of human TGc. 

The episomal eukaryotic expression vector pCEP-Pu/BM40SP, produced from pCEP4 
(invitrogen) (Kohfeldt E et al, FEBS Lett 1997;414:557-61), was modified to introduce a sequence 
encoding the Strep II tag (IBA, Germany) and a stop codon into the multiple cloning site. The primers 

10 S'-GGCCGCATGGAGCCATCCACAATTCGAAAAGTA and S'-GGCCTACTTTTCGAATTGTGGATG- 
GCTCCATGC were annealed together and introduced into the Not I site thus constructing a vector 
(pCEP-Pu/BM40SP/C~Strep) producing a carboxyterrninal Strep II fusion protein suitable for 
streptavidin affinity purification by a StrepTactin™ (IBA, Germany) affinity column as described before 
by Schmidt TGM et al ( J Mol Biol 1996;255:753-66). The full-length human TGc cDNA (GeneBank 

15 accession number M55153, cloned in pSP73) was amplified by polymerase chain reaction (PCR) 
using the 5'-primer 5'-ATTAAGCTTGCCGCCACCATGGCCGAGGAGCTGGTC, and the 3'-primer 
5-TAAGCGGCCGCGGGGCCAATGATGACATTC. The 5'-primer introduced a new Hind III 
restriction site and a Kozak's translation initiation sequence, the 3-primer inserted a new Not I 
restriction site and removed the stop codon. The Hind Ill/Not I restriction enzyme digested PCR 

20 product was purified and inserted at the same restriction sites of the pCEP-Pu/BM40SP/C-Strep t in 
order to obtain the final expression vector pCEP-Pu/TGc/C-Strep. The correct insertion and sequence 
of the full construct was verified by cycle sequencing using the ABI Prism Big Dye Terminator Cycle 
Sequencing Ready Reaction Kit and the products were resolved on an ABI Prism 377 Automated 
Sequencer -(Perkin-Elmer/Applied Biosystems). 

25 Human embryonic kidney cells (293-EBNA, Invitrogen) were transfected with pCEP- 

Pu/TGc/C-Strep and harvested in cell culture in Dulbecco's MEM NUT MIX F-12 (Life Technologies) 
medium containing 10% foetal bovine serum (Life Technologies), 1% L-glutamine (Life 
Technologies), 200_IU/ml penicillin (Life Technologies), and 200 ^g/ml streptomycin (Life 
Technologies). Cells were selected with 0.5 ng/ml puromycin. After removing the medium and 

30 washing with cold (4°C) 0.25 M sucrose, the cells were lysed mechanically in cold 0.25 M sucrose. 
The lysate was cleared of particulate material by centrifugation at 27,200 g for 30 min at 4°C, followed 
by ultracentrifugation of the supernatant at 210,000 g for 60 min at 4°C. After filtering with cheesecloth 
and adding 1 mM phenylmethanesulfbnyl fluoride (PMSF, Fluka) as proteinase inhibitor, 12 ml of the 
supernatant was passed over a StrepTactin affinity column of 3 cm 3 volume equilibrated with sterile 

35 and filtered 50 mM Tris/HCI, pH 7.5, containing 1 mM ethylenediamine tetraacetate (EDTA), at 4°C, 
and at a flow rate of 0.4 ml/cm 2 /min. After extensive washing with equilibration buffer containing 1 mM 
PMSF, at a flow rate of 0.9 ml/cm 2 /min, the protein was eluted with equilibration buffer containing 1 
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mM PMSF and 2.5 mM desthiobiotin (Sigma), at a flow rate of 0.4 ml/cm 2 /min. 2 ml fractions were 
collected. The purification was controlled by Coomassie-stained SDS-PAGE and Western Blotting 
with monoclonal antibodies against TGc as described above. The protein concentration was 
estimated by SDS-PAGE, and measured using the bicinchoninic acid (BCA) protein assay reagent 
5 (Pierce) following the protocol provided by the supplier, with bovine serum albumin as a standard. 

Production of cDNAs from various transglutaminases. 

Total RNA from human keratinocytes was reversely transcribed with primers specific for the 
TGe and TGk proenzymes, and PGR used to obtain cDNAs. Full-length human TGx cDNA 
10 (GeneBank accession number AF035960) was cloned in pSP73. 

Production of an expression construct for the expression of TGe. 

An episomal expression construct was built allowing the production of a C-terminal Strep II 
fusion protein suitable for streptavidin affinity purification by a StrepTactin™ (Institut fur Bioanalytik, 

15 Germany) affinity column (Schmidt TGM et al, J Mol Biol 1996;255:753-66.). The TGe proenzyme 
cDNA was amplified by PCR using the S'-primer S'-ATTAAGCTTGCCGCCACCATGGCTGCTCTA- 
GGAGTC, and the 3'-primer S'-ATTGCGGCCGCTTCGGCTACATCGATGGACAAC. The S'-primer 
introduced a new Hind III restriction site and a Kozak's translation initiation sequence, while the 
3-primer inserted a new Not I restriction site and removed the stop codon. The Hind Ill/Not I 

20 restriction enzyme digested PCR product was purified and inserted at the same restriction sites of the 
episomal eukaryotic expression vector pCEP-Pu/BM40SP/C-Strep, produced from pCEP4 
(Invitrogen), in order to obtain the final expression vector pCEP-PuTTGe/C-Strep. 

Construction of the expression vector pCEP4/N-Strep. 

25 The eukaryotic episomal expression vector pCEP4 (Invitrogen) was modified to introduce a 

sequence encoding a Kozak's translation initiation sequence and the Strep II tag into the multiple 
cloning site. The primers 5'-CTAGTTGCCGCCACCATGGCTTGGAGCCATCCACAATTCGAAAAGG 
and S^TAGCGCCTTTTCGAATTGTGGATGGCTCCAAGCCATGGTGGCGGCAA were annealed 
together and introduced into the Nhe I site thus constructing a vector (pCEP4/N -Strep ) producing an 

30 N-terminal Strep II fusion protein. 

Production of expression constructs for the expression of TGx. 

Two episomal expression constructs were built allowing the production of both a Oterminal 
and an N-terminal Strep II fusion protein. For the construct with C-terminal Strep II tag, the TGx cDNA 
35 was amplified by polymerase chain reaction (PCR) using the S'-primer 5'-ATTGCGGCCGCCATG- 
GCCCAAGGGCTAGAAG, and the S'-primer S'-TAAGCGGCCGCTAATGCAAAGTCTACATAAAC. 
The S'-primer introduced a new Not I restriction site and a Kozak's translation initiation sequence, 
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while the 3'-primer inserted a new Not I restriction site and removed the stop codon. The Not I 
restriction enzyme digested PCR product was purified and inserted at the same restriction sites of 
pCEP4 in order to obtain the final expression vector pCEP4/TGx/C-Strep. For the construct with 
N-terminal Strep II tag, the TGx cDNA was amplified by polymerase chain reaction (PCR) using the 
5 5'-primer 5'-ATTGCTAGCCCAAGGGCTAGAAGTGG, and the 3'-primer 5'-TAAGCGGCCGCTTATA- 
ATGCAAAGTCTACATAAAC. The 5' -primer introduced a new Nhe I restriction site and removed the 
first methionine, the 3'-primer inserted a new Not I restriction site directly after the stop codon. After 
digesting with the restriction enzymes Nhe I and Not I the PCR product was purified and inserted at 
the same restriction sites of pCEP4 in order to obtain the final expression vector pCEP4/N-StreprTGx. 

10 

Construction of expression constructs for the expression of TGk. 

Two episomal expression constructs were built allowing the production of both a C-terminal 
and an N-terminal Strep II fusion protein. For the construct with C-terminal Strep II tag, the TGk 
proenzyme cDNA was amplified by polymerase chain reaction (PCR) using the 5-primer 

15 S'-ATTAAGCTTGCCGCCACCATGATGGATGGGCCACGTTCC, and the 3-primer 
5-ATTGCGGCCGCAGCTCCACCTCGAGATGCCATAGG. The 5-primer introduced a new Hind ill 
restriction site and a Kozak's translation initiation sequence, while the 3-primer inserted a new Not I 
restriction site and removed the stop codon. The Hind til/Not I restriction enzyme digested PCR 
product was purified and inserted at the same restriction sites of pCEP-Pu/BM40SP/C-Strep, in order 

20 to obtain the final expression vector pCEP-PuTGk/C-Strep. For the construct with N-terminal Strep II 
tag, the TGk proenzyme cDNA was amplified by polymerase chain reaction (PCR) using the 5-primer 
5 -ATTGCTAGCAGATGGG CC ACGTTCCG ATG, and the 3'-primer 5 f -ATTGGATCCTAAGCTCCA- 
CCTCGAGATGC. The 5'-primer introduced a new Nhe I restriction site and removed the first two 
methionines, while the 3-primer inserted a new Not I restriction site directly after the stop codon. After 

25 digesting with the restriction enzymes Nhe I and Not I the PCR product was purified and inserted at 
the same restriction sites of pCEP4, in order to obtain the final expression vector 
pCEP4/N-StrepH"Gk. The correct insertion and sequence of the full constructs was verified by cycle 
sequencing as described above. 

30 Recombinant expression of the human TGe, TGx, and TGk. 

Human embryonic kidney cells (293-EBNA, Invitrogen) were transfected and harvested in cell 
culture in Dulbecco's MEM NUT MIX F-12 (Life Technologies) medium containing 10% foetal bovine 
serum (Life Technologies), 1% L-glutamine (Life Technologies), 200 lU/ml penicillin (Life 
Technologies), and 200 ^g/ml streptomycin (Life Technologies). Cells transfected with pCEP-Pu 
35 constructs were selected with 0.5 ^g/ml puromycin (Sigma), those with pCEP4 with 333 ^g/ml (335 
U/ml) hygromycin B (Calbiochem). After removing the medium and washing with cold (4°C) 0.25 M 
sucrose, the cells were lysed mechanically in cold 0.25 M sucrose. The tysate was cleared of 
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particulate material by centrifugation at 27,200 g for 30 min at 4°C, followed by ultracentrifugation of 
the supernatant at 210,000 g for 60 min at 4°C. After filtering with cheesecloth and adding 1 mM 
PMSF (Fluka) as proteinase inhibitor, 12-72 ml of the supernatant was passed over a StrepTactin™ 
affinity column of 3 cm 3 volume equilibrated with sterile and filtered 100 mM Tris/HCI, pH 7.5, 
containing 1 mM EDTA, at 4°C, and at a flow rate of 0.4 ml/cm 2 /min. After extensive washing with 
equilibration buffer containing 1 mM PMSF, at a flow rate of 0.9 ml/cm 2 /min, the protein was eluted 
with equilibration buffer containing 1 mM PMSF and 2.5 mM desthiobiotin (Sigma), at a flow rate of 
0.4 ml/cm 2 /min. 2 ml fractions were collected. The purification was controlled by SDS-PAGE and 
immunoblotting with monoclonal antibodies against the Strep tag as described above. The protein 
concentration was estimated by SDS-PAGE, and measured using the bicinchoninic acid (BCA) 
protein assay reagent (Pierce) following the protocol provided by the supplier, with bovine serum 
albumin as a standard. 

Transglutaminase activity assay 

TGc and TGe activity was measured by incorporation of [1 ,4- 3 H]putrescine (Amersham) 30 
min. at 37°C as described before (Aeschlimann D et al., J Biol Chem 1991;26&:15308-17), with the 
only difference that the buffer contained 7.5 mM dithiothreitol in order to reduce any oxidised 
sulfhydryl groups important for catalytic activity. The TGe was activated by partial proteolytic digestion 
preincubating it 20 min at 37°C together with either 45.4 ^g/ml (0.5 U/ml) proteinase K (Sigma), or 
45.4 ng/ml (55.4 U/ml) trypsin 1:250 (Sigma), or 1.18 mg/ml (1 U/ml) dispase (Life Technologies). 

Mass spectrometry 

Mass spectrometry of TGc and TGe was performed by matrix-assisted laser desorption 
method using a Bruker Reflex 111 instrument equipped with a high mass detector for linear detection. 
Sinapinic acid was used as matrix, and external calibration was carried out using singly, doubly and 
triply charged molecular ions of protein A. 

Sera and patients 

In the first study, the patients had been examined at the Gastroenterological Departments of 
Internal Medicine or Paediatrics and the Department of Dermato-Venereology of the Semmelweis 
University. The CD diagnosis was confirmed by jejunal biopsy while DH was proven by skin biopsy. 
Serum samples were taken from 71 patients with GSE (33 with DH, and 38 with CD), 26 with non-CD 
gastrointestinal diseases (such as M. Crohn, food hypersensitivity, food intolerance, intestinal infec- 
tion, reflux oesophagitis, non-CD diarrhoea, alimentary dystrophy), and 27 with other diagnoses like 
autoimmune diseases (systemic lupus erythematosus, diabetes mellitus type I), different skin dis- 
orders (pemphigus foliaceus, ichthyosis, urticaria), cholelithiasis, hepatosplenomegalia, nanosomia, 
and healthy controls. The mean age and sex of patients' groups are presented in Table 1. 
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TABLE 1 

Age (at the time of blood sampling, in years) and sex of patients 





CD 


DH 


Gl 


Others 


Altogether 


Mean age 


18.5 


30.2 


17.4 


17.0 


20.8 


Min. age 


3 


6 


1 


12 


1 


Max. age 


51 


74 


78 


53 


78 


Male/female 


20/18 


13/20 


14/12 


14/13 


61/63 



5 To obtain data on the sensitivity of TGc ELISA, we included in the current study sera from 16 

treated patients (patients on a gluten-free diet). 

In the supplementary study on GSE associated autoimmune diseases the sera were obtained 
from the Gastroenterological Department of Internal Medicine or Paediatrics and the Department of 
Dermato-Venereology of the Semmelweis University, the Departments of the Internal Medicine l-IV of 

10 the Medical Faculty of the University Cologne, and from the Laboratory for Autoimmune Diseases of 
the Wieslab Co. Sweden. Serum samples were taken from patients with the following autoimmune 
diagnoses (number of patients in parentheses): GSE (141; from which 73 DH including 18 on a 
gluten-free diet, and 68 CD including 27 on a gluten-free diet), Crohn disease (31), bullous 
pemphigoid (44), pemphigus vulgaris (57), colitis ulcerosa (21), Goodpasture syndrome (20), 

15 Wegener granulomatosis (20), rheumatoid arthritis (44), SLE (25), progressive systemic sclerosis (7). 
Sera from patients with psoriatic arthritis (5) and hepatitis C (39) were also studied as these diseases 
may have an autoimmune component. 

All serum samples were stored at -78 C until assayed. Among the control sera (48) some 
were from healthy individuals (21) and some from patients suffering from disease that does clearly not 

20 have an autoimmune component (27). All serum samples were stored at -78 C until assayed. 

EMA test 

Serum IgA antibodies were measured by an indirect immunofluorescence method (Collin P et 
al, Scand J Gastroenterol 1992;27:367-71). All serum samples were diluted 1:5 in phosphate-buffered 
25 saline (PBS t pH: 7,4). 10 ^m cryostat tissue slides of the aboral part of monkey (Cercopithecinae 
family) oesophagus were used as antigen. Bound IgA was detected by orchain specific, fluorescein 
isothiocyanate-conjugated rabbit anti-human IgA antibodies (1:40 in PBS; Dako). All sera used in the 
first study were indisputably negative or positive for IgA EMA. In the supplementary study, no EMA 
test was performed. 
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ELISA. 

The ELISA method was similar to the calcium-activated test described previously (Dieterich 
Wet al, Gastroenterology 1998;115:1317-21; Sulkanen S et al., Gastroenterology 1998;115:1322-8). 
Briefly: 96 well microtiter plates (Nunc MaxiSorp) were coated by 1 M g guinea pig TGc (Sigma) or 
5 human TGe or TGc per well in 100 M l of 50 mM Tris/HCI, pH 7.5, containing 5 mM CaCI 2 per well at 
4°C overnight (at least 9 hours). No blocking was used. After each step the wells were washed by 50 
mM Tris/HCI containing 10 mM EDTA and 0.1% Tween 20 (TET). Sera were diluted to various 
concentrations with TET, or preincubated in 50 mM Tris/HCI containing 0.1% Tween 20 and various 
concentrations of TGc or TGe or guinea pig TG, and incubated on the plates for 1.5 hours at room 

10 temperature. Bound IgA was detected by peroxidase-conjugated anti-human IgA antibody (Dako), 
diluted 1:4000 in TET and incubated for 1 hour at room temperature. The colour was developed by 
100 jil of 60 ng/ml 3,3',5,5-tetramethylbenzidine substrate in 100 mM sodium acetate, pH 6.0, 
containing 0.015% H 2 0 2 for 5 minutes at room temperature. The reaction was stopped by adding 100 
jj of 20% H 2 S0 4 . The absorbance was read in an ELISA reader at 450 nm. 

15 The amount of protein and the serum concentrations used in the test were optimised. All 

serum samples were examined in triplicates, and triplicates of a negative and a positive reference 
serum, as well as a buffer blank were included in each plate. The antibody concentrations were 
expressed in arbitrary units (AU), i.e. as percentages of the positive reference serum. 

In order to get data about the effects of calcium-activation, an experiment coating with human 

20 TGc without CaCfe in the coating buffer was also performed. 

Inhibition ELISA. 

Serum IgA levels against TGe were compared with those against TGc. Four sera from 
patients with CD or DH were studied which had previously shown to contain slightly (1 serum), 

25 moderately (1 serum) or highly (2 sera) elevated serum IgA antibody titers against TGc. Blocking 
experiments were carried out by preincubating the sera at a serial dilution from 1 :250 to 1:32000 in 
50 mM Tris/HCI containing 0.1% Tween 20 and 1 M g of either TGe or TGc 60 min at room 
temperature. A serum dilution was chosen at which the greatest difference was detected between the 
antibody titers of the sera with and without preincubation. In the following inhibition experiment the 

30 four sera were preincubated at this dilution in 50 mM Tris/HCI containing 0.1% Tween 20 with a serial 
dilution ranging from 0-4 ^g of either TGc or TGe 60 min at room temperature. 

Statistics 

Optical densities (and thus titres given in AU values) did not show Gaussian distribution, thus 
35 for statistical description of titers from the different patient groups, we present medians with their 95% 
confidence intervals (95% CI) (Gardner MJ & Altman DG, eds. Statistics with confidence-confidenoe 
intervals and statistical guidelines. London: British Medical Journal, 1989:28 pp.) and for comparison 
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Mann-Whitney's non-parametric, unpaired, two-tailed test was used (Werner J. Biomathematik und 
Medizinische Statistic 2 nd ed. Munchen-Wien-Baitimore: Urban & Schwarzenberg, 1992:53 pp.). For 
describing correlation of titers, Spearman's correlation coefficient with its 95% CI and correlation 
analysis for unpaired data of non-normal distribution was used (Gardner and Altman, 1989; Werner, 
5 1992). 

For comparison of titres in the calcium-activated and inactivated human TGc ELISA, 
Wiicoxon s two-tailed signed rank test was performed (Werner, 1992). For describing and comparing 
of the two ELISA systems, the receiver operating characteristic (ROC) curves and the areas under 
the ROC curves (AUC) with their 95% CI are presented. For calculating confidence intervals of AUC, 

10 beside the most often used method also a bootstrap technique, the bias-corrected and accelerated 
(BC a ) confidence interval method was applied, as it is more appropriate in describing confidence 
intervals of AUC which are very close to the maximum (1.0) (DeLong ER et al. Biometrics 
1988;44:837-45; Mossman D., Med Decis Making 1995;15:358-66; Hellmich M. Receiver operating 
characteristic (ROC) Kurven und Fiachen darunter. [PhD thesis] 1996. http://www.medizin.- 

15 uni-koeln.de/kai/imsie/homepages/Martin.Hellmich/dr.html (accessed June 1999). 

EXAMPLE 

Recombinant human TGc. 

20 The human TGc was expressed in the 293-EBNA human embryonic kidney cell line as a 

fusion protein with the Strep II tag. The protein could be purified in a single step by affinity binding to a 
StrepTactin column, on washing with desthiobiotin the protein eluted as a single band with an 
estimated molecular weight of 89 kDa (Fig. 1 A) when visualised by Coomassie-stained SDS-PAGE. 
Western blot analysis showed that the band reacted with monoclonal anti-TGc antibodies (Fig. 1 B). 

25 The column bound almost all the tagged protein with no immunoreactivity appearing in the flow 
through (Fig. 1B). The yield from the lysate of a confluent cell monolayer in a cell culture dish of 13 cm 
diameter was approximately 200 ^g. The molecular mass calculated from the sequence of the human 
TGc is 77.3 kDa,— and the calculated molecular mass of the fusion protein (TGc having a 
carboxyterminal tag of 10 amino acids) is 78.4 kDa. Mass spectrometry of the fusion protein gave a 

30 molecular mass of 78.3 kDa. In cell lysates, the activity of the expressed human TGc was 4.7 times 
higher than the background activity of transglutaminases present in untransfected 293-EBNA cells. 
The freshly purified human TGc showed similar or higher activity than the guinea pig TGc from 
Sigma. 

35 Performance of the human TGc EUSA. 

The optimal coating concentration of human TGc was 1 ^g per well. Using highly positive 
sera from four patients for calibration, a log-linear curve was seen between dilutions of 1:250 and 



:;l O O X*-FO €* 7" *. O A E S O S 

WO 01/01133 PCT/EPOO/06025 

14 

1:32000. Four negative sera showed some signal at lower dilutions (>1:500). Some positive sera 
showed a signal plateau at dilutions of 1:250 or less. The ratio between the mean OD values of 
positive and negative results at the dilution of 1 : 1 25 was 1 :6, while at greater dilutions more than 1:10. 
Hence in the assay a serum dilution of 1:250 was used. One positive and one negative reference 
5 serum sample was included in each assay to control the test performance. The positive serum was 
used as "standard", and the optical density results were given as arbitrary units (AU) calculated as a 
percentage of the standard serum. The mean intra- and interassay coefficients of variation for the 
standard serum were 1.3% and 13.7%, respectively. The mean intra- and interassay coefficients of 
variation for human TGc ELISA were 3.2% (n=124) and 9.2% (n=15), respectively. 

10 The median antibody concentrations for the patients with untreated GSE (CD or DH) was 

61.4 AU (n=55,95% CI: 45.1-78.5), for controls 12 AU (n=53,95% CI: 10.8-13), the difference was 
significant (p<0.0001). For treated patients, the median of antibody concentrations was 48.1 AU 
(n=16,95% CI: 20.8-85.6), for controls with gastrointestinal diseases 12.1 AU (n=26,95% CI: 9.8- 
14.7), for healthy individuals and controls with other diagnoses 12 AU (n=27,95% CI: 10.7-13.0), 

15 respectively. The area under the ROC curve was 0.999 (95% CI: 0.996-1.001; 95% CI with BC a 
method: 0.990-1.0) (Fig. 2). 

A cut-off value of 18 AU was chosen, and sera with antibody concentrations equal or higher 
than 18 AU were labelled as human TGc ELISA positive. This cut-off value gave a specificity and a 
sensitivity of 98.1% (95% CI: 95.7-100%) and 98.2% (95% CI: 95.9-100%), respectively (treated 

20 patients are excluded). The coincidence of the human TGc assay with the clinical diagnosis 
(excluding treated patients) was 106/108 (98.1%), giving one false positive and one false negative 
result (Fig. 3). 

Recombinant human TGe 

25 The human TGe was expressed in the 293-EBNA human embryonic kidney cell line as a 

fusion proenzyme with the Strep II tag. The protein could be purified in a single step by affinity binding 
to a StrepTactin™ column. After elution with desthiobiotin the protein gave a single 80 kDa band in 
SDS-PAGE (Fig. 9), which reacted with monoclonal antibodies against the Strep II tag (FigrlOplane 
II). The column bound almost all the tagged TGe with no immunoreactivity appearing in the flow 

30 through. The yield from the lysate of a confluent cell monolayer in a cell culture dish of 13 cm 
diameter was approximately 200 ^g. The molecular mass calculated from the sequence of the human 
TGe proenzyme is 76826 Da, and the calculated molecular mass of the fusion protein (TGe 
proenzyme having a carboxyterminal tag of 10 amino acids) is 78011 Da. Mass spectrometry of the 
fusion protein gave a molecular mass of 77765 Da. In ceil lysates, the activity of the expressed 

35 human TGe was 2.5 times higher than the background activity of transglutaminases present in 
untransfected 293-EBNA cells. The freshly purified human TGe proenzyme showed 1;40-1;80 of the 
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activity of TGc and when activated with different proteases (proteinase K, trypsin or dispase) similar or 
higher activity than the TGc. 

Performance of human TGe ELISA. 

5 GSE sera showing elevated IgA antibody levels against the human TGc also showed 

elevated IgA titres against the human TGe, whereas sera not reacting with the human TGc did not 
react with the human TGe (Fig. 11). The antibody titres for TGe were in most cases lower than for 
TGc (Fig. 11). 

10 Inhibition ELISA. 

Preincubation of GSE sera with human TGc or TGe inhibited the IgA reactivity in an ELISA 
plate coated with human TGc (Fig. 12). The results shown support that serum IgA antibodies from 
patients with CD and DH react with both the human TGc and the TGe, although the titres to TGe is 
lower. Both TGc and TGe can inhibit the reaction of serum IgA antibodies with TGc. At least a part of 
15 the serum antibodies from patients with CD and DH is directed against epitopes which are shared by 
the two transglutaminases. 

Performance of the guinea pig TGc ELISA. 

The optimal coating concentration of guinea pig TGc was 1 ^ per well and the optimal 
20 serum dilution 1:250, as with the human TGc ELISA. Each assay was performed parallel to the 
human TGc assay at the same time, and the same serum samples and serum dilutions were used. 
The mean intra- and interassay coefficients of variation of the standard serum were 2.2% and 9.0%, 
respectively. The intra- and interassay coefficients of variation for guinea pig ELISA were 2.8% 
(n=124) and 12.8% (n=15), respectively. 
25 The median of antibody concentrations for the patients with untreated GSE (CD or DH) was 

51.8 AU (n=55, 95% CI: 34.2-63), for controls 8 AU (n=53, 95% CI: 7.3-8.9), the difference was 
significant (P<0.0001). For treated patients, the median of antibody concentrations was 18 AU (n=16, 
95% CI:_9.2-69.9), for controls with gastrointestinal diseases 7.5 AU (n=26, 95% CI: 6.6-9), for healthy 
individuals and controls with other diagnoses 8.5 AU (n=27,95% CI: 7.2-10.3), respectively The area 
30 under the ROC curve was 0.980 (95% CI: 0.958-1.002; 95% CI with BC a method: 0.943-0.993) (Fig. 
4). 

A cut-off value of 14 AU was chosen, and sera with antibody concentrations equal or higher 
than 14 AU were labelled as guinea pig TGc EUSA positive. This cut-off value gave (excluding 
treated patients) a specificity and a sensitivity of 96.2% (95% CI: 92.8-99.6%) and 92.7% (95% CI: 
35 88.1-97.3%), respectively. The coincidence of the guinea pig TGc assay with the clinical diagnosis 
(excluding treated patients) was 102/108 (94.4%), giving 2 false positive and 4 false negative results 
(Fig. 5). 
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Effects of calcium-activation. 

32 serum samples were tested in ELISA for IgA anti-human TGc antibodies with and without 
calcium-activation. The overall antibody titres did not show significant difference (p=0.27). However, 
5 sera with anti-TGc titres lower than 30 AU in the calcium-activated assay were significantly lower in 
the assay without calcium-activation (n=18, p=0.009) T whereas higher titres were not significantly 
different (n=14, p=0.35). 

Comparison of EMA with TGc ELISA. 

10 Excluding treated patients, with the exception of one false positive result, all patients with 

EMA positive sera had GSE (55/56, 98.2%). 12 of 16 (75%) treated patients with GSE were positive 
for EMA. Comparing only the untreated EMA positive cases, the results of human and guinea pig TGc 
ELISA coincided with the EMA test in 54/56 (96.4%) and 51/56 (91.1%) cases, respectively. The false 
positive serum by EMA was negative by both human and guinea pig TGc ELISAs. The one false 

15 negative serum with human TGc ELISA was also negative with guinea pig TGc ELISA. The 12 
patients on incomplete gluten-free diet with EMA positivity had also positive anti-TGc IgA titres with 
both ELISA systems. 

All patients negative for EMA were either treated patients having GSE or patients not having 
GSE. Comparing only the untreated EMA negative cases, the results of human and guinea pig TGc 

20 ELISA coincided with the EMA test in 52/53 (98.1%) and 51/53 (96.2%) cases, respectively. The one 
false positive serum with human TGc ELISA was also positive with guinea pig TGc ELISA; in addition, 
another false positive serum was detected by the guinea pig assay. Both false positive sera were from 
patients with M. Crohn. The four EMA negative patients with treated GSE were also negative by 
guinea pig TGc ELISA, but one of them was positive by human TGc ELISA. 

25 The overall coincidence of EMA test with human and guinea pig ELISA was 120/124 (96.8%) 

and 117/124 (94.4%), respectively. 

Comparison of human TGc ELISA with guinea pig TGc ELISA. 

The results of the two ELISAs coincided in 119/124 (96%) of all tested sera. In four 
30 discordant cases, the human assay was more sensitive than the guinea pig assay, giving positivity in 
the human assay. One of them was an EMA negative CD patient on gluten-free diet In the fifth 
discordant case, the guinea pig ELISA gave false positive result for a patient with M. Crohn. The 
antibody titre was, however, also high (17.5 AU) in the human TGc ELISA, almost reaching the cut-off 
level (18 AU). 

35 The false results of the human TGc ELISA coincided with those of the guinea pig TGc 

ELISA. Both assays failed to recognise the serum of one EMA positive CD patient, and both detected 
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a patient having Crohn's disease as positive. Both tests gave correct, negative result in the case of a 
false EMA positive patient 

The titres with the two assay correlated well (r s =0.9377, 95% CI: 0.9121-0.9559, p<0.0001), 
the correlation was theoretically exponential, but in the practice linear, with an exponent of 1.05 (Fig. 
5 8). The difference between the areas under the ROC curves was 0.019 (95% CI: -0.002-0.040; 95% 
CI with BC a method: 0.005-0.056). 

Recombinant human TGe 

The human TGe was expressed in the 293-EBNA human embryonic kidney cell line as a 
10 fusion proenzyme with the Strep II tag. The protein could be purified in a single step by affinity binding 
to a StrepTactin™ column. After elution with desthiobiotin the protein gave a single 80 kDa band in 
SDS-PAGE (Fig. 9), which reacted with monoclonal antibodies against the Strep II tag (Fig. 10). The 
column bound almost all the tagged TGe with no immunoreactivity appearing in the flow through. The 
yield from the lysate of a confluent cell monolayer in a cell culture dish of 13 cm diameter was 
15 approximately 200 ^g. The molecular mass calculated from the sequence of the human TGe 
proenzyme is 76826 Da, and the calculated molecular mass of the fusion protein (TGe proenzyme 
having a carboxyterminal tag of 10 amino acids) is 7801 1 Da. Mass spectrometry of the fusion protein 
gave a molecular mass of 77765 Da. In cell lysates, the activity of the expressed human TGe was 2.5 
times higher than the background activity of transglutaminases present in untransfected 293-EBNA 
20 cells. The freshly purified human TGe proenzyme showed 1;40-1;80 of the activity of TGe and when 
activated with different proteases (proteinase K, trypsin or dispase) similar or higher activity than the 
TGe. 

Discussion of Example and Results 
25 To our knowledge, human TGe had not been expressed before in mammalian cells via 

DANN recombination methods. We preferred using human cells instead of bacteria for two reasons. 
First, although there is no evidence for posttranslational modifications of TGe, we can not completely 
exclude this possibility. Such modifications would in all probability not occur in bacteria. Second, if 
chaperons are needed to obtain a correct folding, these are more likely to be present in human cells. 

30 

The molecular mass of the guinea pig TGe differs only slightly (0.1 kDa) from that of the 
human TGe when measured by mass spectrometry, but the guinea pig TGe runs appreciably faster 
on SDS-PAGE than the human TGe. The TGe from human fibroblasts runs with the same speed as 
our fusion protein, although the difference between them is 1.2 kDa. These observations imply that 
35 the difference between the structures of the human and the guinea pig TGe is more profound than 
suggested by their high amino acid identity. 
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The human TGc as a fusion protein with the Strep II tag could be purified very effectively in 
one step giving one single band on a Coomassie-stained gel. The protein band could be clearty 
identified by immunoblot as tissue transglutaminase. Mass spectrometry gave the expected molecular 
size. The purified recombinant human protein had transglutaminase activity. It is not known whether 
5 the human TGc has the same catalytic activity as the guinea pig enzyme. Our purified protein had 
similar or higher activity as the same amount of guinea pig liver TGc. Thus we conclude that the 
protein we used in the assays is the purified, active, human TGc with a C-terminal Strep II tag. 

The guinea pig liver TGc preparation used for testing contains other protein contaminants 
1 0 which are not immunoreactive with monoclonal anti-TGc antibodies. However, as it had been used 
successfully by other authors in its original form, we did not purify it further. It can not be excluded that 
immunopositivity seen in microtiter wells might in some cases be due to reactivity against 
contaminants. 

15 Sulkanen and co-workers (Sulkanen S et al. Gastroenterology 1998;115:1322-8.) 

demonstrate that calcium given to the coating buffer, in a concentration suitable for activation of 
guinea pig TGc, causes improved test performance by more specific detection of TGc by antibodies. 
The authors explain their observation as a conformational change occurring through calcium- 
activation, but after coating they remove calcium by washing and as they then use a high 

20 concentration of EDTA, so the antibody-antigen reaction occurs in the absence of calcium. Thus a 
conformational change is assumed to be retained by the immobilised TGc molecules after removal of 
calcium. Besides conformational changes, which are unlikely to become irreversible by coating, there 
is another possible explanation for this effect. TGc can act as its own substrate, and is able to cross- 
link itself to form protein complexes of high molecular weight (Birckbichler PJ et al, Biochem Biophys 

25 Res Commun 1977;78:1-7). This is likely to occur in the wells where the concentration of TGc is 
approximately the same as used in the activity assay. Thus not only TGc monomers, but also TGc 
complexes may be immobilised in the ELISA wells and this may favour the binding of antibodies 
giving a higher signal. In addition, cross-linked TGc complexes may reveal new antigenic epitopes, 
different from those of the TGc monomer. This hypothesis is supported by the observation that 

30 preincubation of CD sera with calcium-activated guinea pig TGc blocks effectively the reactivity in 
ELISA, but to obtain the same blocking effect with inactivated guinea pig TGc, a preincubation with a 
tenfold amount is needed. 

Sulkanen and co-workers (Sulkanen S et al,. Gastroenterology 1998;115:1322-8) changed, 
35 the original method (Dieterich W et al, Nature Medicine 1997;3(7):797-801) not only by using calcium 
activation, but also changed the buffer and omitted blocking. They do not present data showing which 
component is responsible for the improved assay performance. We tested some positive and 
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negative sera with and without calcium-activation of the human TGc, and could not find significant 
changes in the overall performance of the test This suggests that other factors, in addition to calcium, 
may be important in the optimisation of the guinea pig TGc assay. However, as the optical densities of 
EMA positive sera with anti-TGc titres lower than 30 AU in the calcium-activated assay were 
5 significantly lower, or even negative, in the assay without calcium-activation, we use calcium also in 
the assay with human TGc. 

The setting of the cut-off values for the ELISAs was based on the ROC-analysis of the tests. 
A cut-off value providing perfect separation of individuals having or not having GSE could not be 

10 found, though the coincidence with the diagnosis by biopsy is in both tests very high. The guinea pig 
TGc EUSA was not able to detect two untreated patients with DH and one untreated patient with CD 
which could be detected by the human TGc ELISA. The 95% confidence intervals of sensitivities of 
the two ELISAs overlap, and therefore the sensitivity difference has to be confirmed by further studies, 
but the results affirm the assumption that in a few cases autoantibodies are directed against epitopes 

15 of human TGc not conserved in guinea pig TGc. One serum from a CD patient with clear EMA 
positivity was not immunoreactive in either ELISA, and the titre values were so far below the cut-off 
that the result is probably not due to chance. It is conceivable that TGc is not the only autoantigen in 
GSE, and that in some rare cases, even though EMA positivity occurs, no antibodies against TGc are 
present. This is supported also by the observation that the immunoabsorption of IgA-class 

20 autoantibodies against TGc by guinea pig TGc cannot completely abrogate anti-endomysium activity 
(Lock RJ et a!., Clin Exp Immunol 1999;116:258-62), although these experiments should be repeated 
using the calcium-activated human TGc, as not all patients* antibodies may cross-react with the 
guinea pig antigen. 

25 The EMA test gave a false positive result in an 8-year-old girl who had a transient diarrhoea 

in February 1998. Repeated EMA tests showed IgA binding in the intercellular spaces of smooth 
muscle cells. Jejunal histology was negative for GSE, and the diarrhoea has not recurred. The fact 
that a serum was false positive by EMA test but correctly diagnosed by both ELISAs, also underlines 
the possibility of EMA positivity due to antigens other than TGc. 

30 

It is interesting that two EMA-negative patients with Crohn's disease had TGc antibody titres 
above the cut-off level in the guinea pig TGc ELISA, one of them also in the human TGc ELISA. 
Coeliac disease and Crohn's disease have been described to occur in the same patient (Gillberg R et 
al, Scand J Gastroenterol 1982;17:491-6), but this association is very rare. In our two cases 
35 associated coeliac disease can not be ruled out, but as both titres are near to the borderline (21 .6 and 
17.5 AU in the human TGc ELISA, 15.9 and 17.8 AU in the guinea pig ELISA), the elevation of titres 
might result from a low level IgA autoantibody production against TGc in Crohn's disease rather than 
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from that in active coeliac disease. This speculation is supported by the fact that in both ELISA 
systems the median of titres of patients with Crohn's disease is greater than that of healthy individuals 
and patients with other gastrointestinal or non-gastrointestinal diseases. However, the differences and 
the number of patients* sera tested in the present study are too small to allow us to judge the 
5 significance of this finding. 

Patients on complete or incomplete gluten-free diet had a wide spectrum of antibody titres, 
and the results of the ELISAs were in good agreement with those of EMA tests. The ELISA with the 
human antigen turned out to be slightly more sensitive in this regard than the EMA test or the guinea 
10 pig ELISA, recognising one EMA- and guinea pig ELISA negative CD patient as positive. 

Compared to the other established systems, the human TGc ELISA was found to be as 
specific and sensitive as the EMA test, and somewhat superior to the guinea pig TGc ELISA. The 
results show the high diagnostic value of all tested systems in this study, but in particular that of the 
15 human TGc ELISA, which has almost perfect sensitivity and specificity, and does not have the 
disadvantages of EMA test Thus we conclude that the human TGc-based ELISA should be the 
method of choice for easy and non-invasive screening and diagnosis of GSE. 

The results summarised in Figures 6 and 7 show that IgA against human tissue 
20 transglutaminase is also detected in autoimmune disorders other than gluten sensitive enteropathy. 
The positivity in the human TGc ELISA among patients with autoimmune disease other than CD and 
DH is most probably not due to these patients having an active GSE. It is indeed very unlikely that 
more than the quarter of all autoimmune patients would have associated GSE, even though it is 
conceivable that in some cases where the titres are very high the test shows a real association. Celiac 
25 disease has been described to associate with various autoimmune disorders as shown in Table 2 
below: 
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TABLE 2 

Forms of autoimmune (Al) diseases that have been reported to associate with GSE: 



Addison's disease 


Recurrent pericarditis 


Al haemolytic anaemia, 


Relapsing polychondritis 


Al thrombocytopenic purpura 


Rheumatoid arthritis 


Al thyroid diseases 


Sarcoidosis 


Atrophic gastritis - pernicious anaemia 


Sjogren's syndrome 


IgA nephropathy or IgA glomerulonephritis 


SLE, splenic atrophy 


Myasthenia gravis 


Type I (insulin-dependent) diabetes mellitus 


Partial lipodystrophy 


Ulcerative colitis 


Polymyositis 


Vasculitis (both systemic and cutaneous) 


Primary biliary cirrhosis 


Vitiligo 


Primary sclerosing cholangitis 





A part of these associations are proven, the other part have been anecdotal 



It has been known hat GSE can provoke a T-cell mediated inflammation of the 
duodenojejunal bowel region causing various resorption disturbances (for review see Trejdosiewicz 
LK et al, Clin Gastr 1995;9:251-72). The latter may result in painful diarrhea, sideropenic anemia, 
hypoproteinemia, osteoporosis, amenorrhea, hypovitaminoses, and in children in retardation of 
growth and development (for review see Corazza GR, Gasbarrini G. Coeliac disease in adults. 
Bailliere Clin Gastr 1995;9:329-50; Littlewood JM. Coeliac disease in childhood. Bailliere Clin Gastr 
1995;9:295-328.). Beside these direct consequences the persistence of the disease predisposes of 
various autoimmune disorders (e.g. diabetes type 1), and malignancies (e.g. duodenojejunal 
lymphomas). The clinical signs and symptoms of DH are mainly those of skin affection (polymorphic, 
itching blisters with underlying erythema typically located over the extensor surfaces of the big joints), 
the gastroenterological symptoms are often mild or clinically completely absent. However, the 
inflammatory small bowel changes can often be found by histological examination even if there are no 
clinical signs or symptoms suggesting jejunal pathology. The enteropathy in DH is morphologically, 
clinically and functionally identical with mat in CD suggesting identical or very similar aetiology and 
pathomechanism of both of these two forms of GSE. 

Our results however show a general role of TGc and other transglutaminases in autoimmune 
processes. As a consequence positive results for TGc IgA in patients suffering from other 
autoimmune disease should not atone be taken as the basis for the diagnosis of GSE. On the other 
hand, antibodies against TGc and other transglutaminases such as TGe can be used as a marker for 
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patients suffering from other autoimmune disease of the GSE-type and may serve to define 
subgroups of patients within such disease groups. 

Consequently, we provided a new method for diagnosis of autoimmune diseases of the GSE- 
type or associated with gluten sensitive enteropathy, essentially comprising taking a specimen and 
testing the specimen for antibodies against human tissue transglutaminase, or other 
transglutaminases. In this way autoimmune diseases other than coeliac disease can be diagnosed 
and distinguished, notably, dermatitis herpetiformis Duhring, Addison's disease, Al haemolytic 
anaemia, Al thrombocytopenic purpura, Al thyroid diseases, atrophic gastritis - pernicious anaemia, 
IgA nephropathy or IgA glomerulonephritis, myasthenia gravis, partial lipodystrophy, polymyositis, 
primary biliary cirrhosis, primary sclerosing cholangitis, recurrent pericarditis, relapsing polychondritis, 
rheumatoid arthritis, rheumatism, sarcoidosis, Sjogren's syndrome, SLE, splenic atrophy, type I 
(insulin-dependent) diabetes mellitus, diabetes mellitus of other types, ulcerative colitis, vasculitis 
(both systemic and cutaneous), vitiligo as well as autoimmune diseases associated with female 
infertility (Collin et al, Gut 1996: 39, 382-384), increased risk of abortion (Smecul et al., Eur. J. Gastr. 
& Hep. 1996; 8(1), 63-67), or reduced foetal growth due to the presence of an autoimmune disease of 
the GSE-type or latent, non-active GSE. 



